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(54) [Title of the Invention] ON-VEHICLE DEVICE 
(57) [Abstract] 

[Object] To enable a ground device to perform normal 
communications even when pieces of reply information from 
multiple on-vehicle device overlap with each other. 
[Constitution] The second call signal transmitted from a 
ground device at a toll gate is transferred to a CPU 44 in each 
of two on-vehicle devices 31a, 31b via an antenna 49 and a 
communication circuit 48. The CPU 44 judges that the ground 
device has failed to receive reply information, and activates 
a random-number determinator 46 . The random-number 

determinator 46 determines a random number to determine a delay, 
and sends the random number to a delay counter 47 . On the basis 
of the random number, the delay counter 47 counts how many call 
signals are repeatedly transmitted from the ground device, and 
notifies the CPU 44 of the counting. The CPU 44 transmits 
information on the automobile classification read from a ROM 
45 and information on the remaining balance read from an IC card 
41 inserted in an IC card insertion slot 42 as an identification 
signal to the ground device. 
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[Scope of Claim] 
[Claim 1] 

An on-vehicle device which includes radio communication 
means, which is mounted on a vehicle, and which performs a 
debiting process according to a debit instruction transmitted 
from a ground device at a toll gate, the on-vehicle device 
characterized by comprising: 

means which detects an overlapping state of a plurality 
of pieces of reply information transmitted to the ground device; 

random-number generating means which generates a random 
number for randomly delaying a transmission timing of sending 
reply information to the ground device, when the overlapping 
state is detected by the detecting means; and 

a counter which counts the number for a delay time due 
to the random number obtained by the random-number generating 
means, characterized in that 

the on-vehicle device performs again the communications 
with the ground device after the delay time according to the 
random number obtained by the random-number generating means. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Industrial Application] 

The present invention relates to an on-vehicle device 
used in a toll collection facility for a toll road in an 
expressway or the like. 
[0002] 
[Prior Art] 

A toll collection system in a toll road adopts a method 
in which an attendant at a toll gate receives cash directly from 
a user of the toll road, or in which the user puts cash into 
an automatic machine so that a toll charge can be collected 
automatically . 
[0003] 

Moreover, in recent years, a next-generation toll 
collection system has been developed for the purpose of 
alleviating congestion at a tollgate in the toll road. An 
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on-vehicle device has also been developed in such a toll 
collection system to eliminate the payment by cash at the toll 
gate for that purpose. The on-vehicle device records ID 
information, and uses a contactless IC card or the like, capable 
of radio communication with an external device. 
[0004] 

Fig. 4 is an image view of a toll collection system which 
is a subject of the present invention. In the drawing, 
reference symbols la, lb denote gantries disposed so as to 
straddle the road surface. The gantries are provided with 
antennas 2a, 2b, respectively. The antennas 2a, 2b are disposed 
above the road surface. Moreover, a vehicle 3 passing under 
the gantries la, lb is mounted with an on-vehicle device 4 for 
a debiting process. When the vehicle 3 running on the road 
surface passes under the gantries la, lb, the on-vehicle device 
4 performs the debiting process by radio communications via the 
antenna 2a or 2b with a ground device 5 at the toll gate. 
[0005] 

Fig. 5 is a block diagram showing the configuration of 
the on-vehicle device 4. As shown in the drawing, the 
on-vehicle device 4 includes an antenna 11, a communication 
circuit 12, a CPU 13, a ROM 14, an IC card I/F circuit 15, an 
IC card insertion slot 16, and a battery 17. Moreover, an IC 
card 18 which records information on a remaining balance for 
the toll charge on a toll road, is inserted in the IC card 
insertion slot 16. 
[0006] 

When the vehicle 3 shown in Fig. 4 enters a communication 
area (unillustrated) of the antenna 2a, the CPU 13 in the 
on-vehicle device 4 communicates with the ground device 5 . The 
seguence at this time is shown in Fig. 6. The part (a) of the 
drawing indicates information transmitted from the ground 
device 5 via the antenna 2a. The part (b) of the drawing 
indicates information replied from the on-vehicle device 4. 
[0007] 

The ground device 5 transmits a call signal a shown in 
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the part (a) of the drawing, to the on-vehicle device 4 via the 
antenna 2a. The call signal a includes information on the 
position of the toll gate, information on the number of the 
antenna, and the like. Then, the call signal a is sent to the 
CPU 13 via the antenna 11 and the communication circuit 12 of 
the on-vehicle device 4 shown in Fig. 5. Next, the CPU 13 reads 
information on the automobile classification of the vehicle 3, 
stored in the ROM 14, and simultaneously reads the information 
on the remaining balance, recorded in the IC card 18 that is 
inserted in the IC card insertion slot 16, via the IC card I/F 
circuit 15. 
[0008] 

The CPU 13 replies with the information on the automobile 
classification and on the remaining balance thus read as an 
identification signal b shown in Fig. 6(b) from the antenna 11 
via the communication circuit 12 to the ground device 5 via the 
antenna 2a. The ground device 5 transmits, to the on-vehicle 
device 4 via the antenna 2a, a debit signal c, i.e., information 
on the toll charge according to the automobile classification 
of the vehicle 3 and based on the identification signal b 
transmitted from the on-vehicle device 4 . Then, the debit 
signal c is received by the antenna 11, and forwarded to the 
CPU 13. When the CPU 13 receives the debit signal c correctly, 
the CPU 13 replies with a confirmation signal d shown in Fig. 
6 (b) to the ground device 5, and temporarily terminates the 
communication . 
[0009] 

After the termination of the communication, a debiting 
process is performed in the on-vehicle device 4 until the 
vehicle 3 enters a communication area of the antenna 2b. To 
be more specific, the CPU 13 reads the information on the 
remaining balance recorded in the IC card 18 via the IC card 
I/F circuit 15 . Subseguently , the CPU 13 performs a subtraction 
process to subtract the amount of the toll to be debited in the 
debit signal c that the ground device 5 has transmitted, from 
the amount in the information on the remaining balance, and 
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stores newly-obtained information on the remaining balance into 
the IC card 18. At the same time, the ground device 5 subtracts 
the amount of the toll to be debited in the debit signal c from 
the remaining balance of the IC card 18 in the received 
identification signal b, and a new remaining balance is 
calculated. 
[0010] 

Next, when vehicle 3 enters a communication area of the 
antenna 2b, the ground device 5 and the CPU 13 in the on-vehicle 
device 4 communicate with each other to confirm the subtraction 
process. The manner at this time is the same as the seguence 
shown in Fig. 6. For instance, the ground device 5 transmits 
a call signal a to the on-vehicle device 4 via the antenna 2b. 
The on-vehicle device 4 replies with an identification signal 
b including the newly obtained information on the remaining 
balance to the ground device 5 in the same manner as described 
above. Thereafter, the ground device 5 confirms whether the 
new information on the remaining balance in the replied 
identification signal b matches the new information on the 
remaining balance previously calculated. Then, the ground 
device 5 transmits, to the on-vehicle device 4, a debit signal 
c indicating that the subtraction process, that is, the debiting 
process, is correct. Upon the receipt of the debit signal c, 
the on-vehicle device 4 replies with a confirmation signal d 
about the normal communication to the ground device 5 via the 
antenna 2b in the same manner as described above. 
[0011] 

[Problems to be Solved by the Invention] 

Regarding the on-vehicle device 4 shown in Fig. 4 and Fig. 
5, if several, for example, two vehicles 3 or on-vehicle devices 
4 simultaneously enter the communication area of the antenna 
2a or the antenna 2b, the correct communications with the ground 
device 5 cannot be performed. Description will be given of the 
communication seguence at this time with use of Fig. 7. 
[0012] 
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The part (a) of the drawing indicates information 
transmitted from the ground device 5 at the toll gate via the 
antenna 2a. The parts (b) and (c) of the drawing indicate 
information replied from the first and second on-vehicle 
devices 4. 
[0013] 

When the first and second vehicles 3 concurrently enter 
the communication area of the antenna 2a, the ground device 5 
transmits a call signal al shown in the part (a) of the drawing 
via the antenna 2a. The transmitted call signal al is received 
by each of the first and second on-vehicle devices 4 
respectively mounted on the first and second vehicles 3 . After 
a certain period, the first and second on-vehicle devices 4 
concurrently reply with identification signals bll, b21, 
respectively, to the ground device 5 via the antennas 11, 2a. 
However, the ground device 5 cannot recognize the contents of 
the overlapping identification signals bll, b21 thus received. 
The ground device 5 retransmits call signals a2 having the 
identical contents to those of the signal al . Then, the first 
and second on-vehicle devices 4 respond to the call signals a2, 
and again reply with identification signals bl2, b22 having the 
identical contents to those of the signals bll, b21 concurrently, 
In other words, the pieces of reply information transmitted from 
the first and second on-vehicle devices 4 are continuously 
conflicted with each other. The confliction or the repetition 
of such communications results in a problem that the normal 
communications with the ground device 5 cannot be performed. 
[0014] 

The present invention has been made in consideration of 
the above circumstance. An object of the present invention is 
to provide an on-vehicle device capable of normal 
communications even when pieces of reply information 
transmitted to a ground device overlap with each other. 
[0015] 

[Means for Solving the Problems] 
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The present invention is an on-vehicle device which 
includes radio communication means, which is mounted on a 
vehicle, and which performs a debiting process according to a 
debit instruction transmitted from a ground device at a toll 
gate. The on-vehicle device is characterized by including: 
means which detects an overlapping state of multiple pieces of 
reply information transmitted to the ground device; 
random-number generating means which generates a random number 
for randomly delaying a transmission timing of sending reply 
information to the ground device, when the overlapping state 
is detected by the detecting means; and a counter which counts 
the number for a delay time due to the random number obtained 
by the random-number generating means. The on-vehicle device 
is characterized in that the communications with the ground 
device are again performed after the delay time according to 
the random number obtained by the random-number generating 
means . 
[0016] 

[Operations] 

A ground device cannot recognize pieces of reply 
information concurrently sent from on-vehicle devices 
respectively mounted on multiple running vehicles, the 
information transmitted in response to calling signals sent by 
the ground device. The ground device sends the above calling 
signals again. The multiple on-vehicle devices having 
received the signals activate random-number generating means, 
respectively, to obtain random numbers. Then, the on-vehicle 
devices individually send reply information to the ground 
device at separate timings from each other after a random delay 
time, according to operations of counters on the basis of the 
respectively obtained random numbers . Thereafter, each of the 
on-vehicle devices individually communicates with the ground 
device . 
[0017] 

As described above, by providing the random delay time 
to the transmission timings at which the pieces of reply 
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information are sent to the ground device from the on-vehicle 
devices, it is possible to prevent a communication failure due 
to the overlapping multiple pieces of reply information 
transmitted to the ground device, thereby improving the 
communication reliability. 
[0018] 

[Embodiments] 

Hereinafter, description will be given of one embodiment 
of the present invention with reference to the drawings. Fig. 
1 is an image view of a toll collection system which is a subject 
of the present invention. The toll collection system shown in 
the drawing has the same configuration and function as those 
described in the above Fig. 4. The only exception is that an 
on-vehicle device mounted on each of two vehicles and a ground 
device communicate with each other. Accordingly, except for 
the vehicles and the on-vehicle devices to be described later 
in details, the same reference numerals are provided to those 
in Fig. 4, and specific description will be omitted. 
[0019] 

As shown in Fig. 1, two vehicles 3a, 3b are provided with 
on-vehicle devices 31a, 31b, respectively. As follows, 
description will be given of the on-vehicle device 31a, 31b by 
use of Fig. 2. Fig. 2 is a block diagram showing the 
configurations of the on-vehicle devices 31a, 31b according to 
one embodiment of the present invention. 
[0020] 

In Fig. 2, reference numeral 41 denotes an IC card storing, 
for example, information on the remaining balance for a toll 
charge on a toll road in a way that the information can be 
rewritten. The IC card 41 is inserted in an IC card insertion 
slot 42, and is connected to a CPU 44 via an IC card I/F circuit 
43. 

[0021] 

The CPU 44 is connected to a ROM 45, a random-number 
determinator 46, and a delay counter 47. The CPU 44 performs 
a communication process with the ground device 5 at the toll 
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gate through the antenna 2a and the antenna 2b shown in Fig. 
1 via a communication circuit 48 and an antenna 49. 
Specifically, the CPU 44 transmits, to the ground device 5, 
information on the automobile classification stored in the ROM 
45 and on the remaining balance for a toll charge on a toll road 
recorded in the IC card 41 as reply information. The CPU 44 
performs a debiting process for the IC card 41 on the basis of 
debit information transmitted from the ground device 5. 
Moreover, the CPU 44 operates as means for detecting an 
overlapping state of multiple pieces of reply information 
transmitted to the ground device 5. To be more specific, the 
CPU 44 detects a state where the pieces of reply information 
transmitted from the on-vehicle devices 31a, 31b to the ground 
device 5 overlap with each other. Then, the CPU 44 activates 
the random-number determinator 46, which is random-number 
generating means, to randomly delay a timing at which the reply 
information is transmitted to the ground device 5. Besides, 
the CPU 44 sends a signal to confirm that the debit information 
and the like transmitted from the ground device 5 is received. 
[0022] 

The random-number determinator 46 determines a random 
number for determining the above timing in accordance with the 
command from the CPU 44. The delay counter 47 counts a call 
signal during a delay in accordance with the random number 
determined by the random-number determinator 46. Meanwhile, 
powers of the on-vehicle devices 31a, 31b are mainly supplied 
from a battery 50 such as a car battery or an electric cell. 
[0023] 

Each of the on-vehicle devices 31a, 31b includes the IC 
card insertion slot 42, the IC card I/F circuit 43, the CPU 44 , 
the ROM 45, the random-number determinator 46, the delay counter 
47, the communication circuit 48, the antenna 49, and the 
battery 50. 
[0024] 

Next, description will be given of operations in the above 
embodiment. In Fig. 1, when the two vehicles 3a, 3b enter the 
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communication area (unillustrated) of the antenna 2a disposed 
to the gantry la, the ground device 5 transmits a call signal 
al shown in Fig. 3(a) to the on-vehicle devices 31a, 31b 
respectively mounted on the on-vehicle device 31a via the 
antenna 2a. Here, description will be given of operations of 
the on-vehicle device 31a with use of Fig. 2. 
[0025] 

The call signal al is transmitted to the CPU 44 via the 
antenna 49 and the communication circuit 48 of the on-vehicle 
device 31a shown in Fig. 2. Upon receipt of the call signal 
al, the CPU 44 reads the information on the automobile 
classification of the vehicle 3a stored in the ROM 45, and 
simultaneously read the information on the remaining balance 
stored in the IC card 41 that is inserted in the IC card insertion 
slot 42, via IC card I/F circuit 43. The CPU 44 replies with 
the information on the automobile classification and on the 
remaining balance as reply information from the on-vehicle 
device 31a, that is, as an identification signal bll shown in 
Fig. 3(b), to the ground device 5 through the antenna 2a via 
the communication circuit 48 and the antenna 49. 
[0026] 

In the meanwhile, in the exactly same manner as described 
above, an identification signal b21 shown in Fig. 3(c) is 
replied to the ground device 5 from the on-vehicle device 31b 
concurrently with the identification signal bll. Thus, the 
ground device 5 concurrently receives the identification 
signals bll, b21 transmitted from the two on-vehicle devices 
31a, 31b. However, the ground device 5 cannot recognize the 
contents, and accordingly retransmits call signals a2 shown in 
Fig. 3 (a) having the identical contents to those of the signal 
al. This call signal a2 is retransf erred to the CPU 44 as in 
the manner described above. At this point, the CPU 44 in the 
on-vehicle device 31a recognizes that the communication process 
has been failed in the ground device 5, and activates the 
random-number determinator 46. Then, the random-number 
determinator 46 determines a random number for determining a 
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delay timing to retransmit the identification signal bll to the 
ground device 5, and sends the random number to the delay counter 
47. 

[0027] 

In this case, on the basis of the random number, the delay 
counter 47 counts up to a call signal a3 (for example, a signal 
retransmitted for the second time after the identification 
signals bll, b21 overlap in the ground device 5) that is 
retransmitted from the ground device 5 and shown in Fig. 3(a) . 
Thereafter, the delay counter 47 notifies the CPU 44 of the 
counting. When the CPU 44 receives the notification of counting 
up to the call signal a3 from the delay counter 47, the CPU 44 
again reads the information on the automobile classification 
of the vehicle 3a and on the information on the remaining balance 
in the IC card 41 of the on-vehicle device 31a as an 
identification signal bll through the above-described manner, 
and retransmits the signal to the ground device 5 through the 
antenna 2a via the communication circuit 48 and the antenna 49. 
[0028] 

Upon the receipt of the identification signal bll, the 
ground device 5 transmits, on the basis of this signal, 
information on the toll charge according to the automobile 
classification of the vehicle 3a as a debit signal ell shown 
in Fig. 3(a), to the on-vehicle device 31a. The CPU 44 is 
notified of the debit signal ell as in the manner described above 
The CPU 44 replies with a confirmation signal dll indicating 
that the debit signal ell has been received, to the ground device 
5. At this point, the CPU 44 in the on-vehicle device 31a 
temporarily terminates the communication process with the 
ground device 5 . 
[0029] 

On the other hand, the CPU 44 in the on-vehicle device 
31b receives the call signal a2, and detects the overlapping 
state (failure of the communication process) of the 
identification signals bll, b21 in the ground device 5. Then, 
as in the manner described above, in accordance with the random 
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number determined by the random-number determinator 46, the 
delay counter 47 counts up to a call signal a4 (for example, 
a signal retransmitted for the third time after the 
identification signals bll, b21 overlap in the ground device 
5) that is transmitted from the ground device 5 and shown in 
Fig. 3(a) in this case. Accordingly, after the receipt of the 
signal a4 shown in Fig. 3 (c) , the CPU 44 in the on-vehicle device 
31b transmits the identification signal b21 to the ground device 
5. Thereafter, as in the above-described communication 
process in the on-vehicle device 31a, the ground device 5 and 
the CPU 44 in the on-vehicle device 31b exchange a debit signal 
c21 and a confirmation signal d21 therebetween. 
[0030] 

The CPU 44 in the on-vehicle device 31a shown in Fig. 2 
transmits the confirmation signal dll to the ground device 5, 
and then reads the information on the remaining balance in the 
IC card 41 that is inserted in the IC card insertion slot 42, 
via the IC card I/F circuit 43. The CPU 44 performs a 
subtraction process to subtract the amount to be debited in the 
debit signal ell that the ground device 5 has transmitted, from 
the amount in the information on the remaining balance, and 
stores newly obtained information on the remaining balance into 
the IC card 41 through the IC card I/F circuit 43. In other 
words, the information on the remaining balance is rewritten. 
Moreover, the CPU 44 in the on-vehicle device 31b also performs 
the same processes after sending the confirmation signal d21. 
Furthermore, at the same time as the above debiting process is 
performed on the IC card 41 of each of the on-vehicle devices 
31a, 31b, the ground device 5 subtracts the amount of the toll 
to be debited in each of the debit signals ell, c21 from the 
remaining balance of the IC card 41 of the on-vehicle devices 
31a, 31b in each of the received identification signals bll, 
b21, and new remaining balances are calculated. 
[0031] 

Next, when the vehicles 3a, 3b shown in Fig. 1 concurrently 
enter the communication area of the antenna 2b disposed to the 
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gantry lb, the ground device 5 communicates with the CPUs 44 
of the respective on-vehicle devices 31a, 31b to confirm the 
subtraction processes. The communication seguence at this 
time is the same as that in Fig. 3. For instance, the ground 
device 5 sends call signals al via the antenna 2b. The CPUs 
44 of the respective on-vehicle devices 31a, 31b reply with 
identification signals bll, b21 to the ground device 5 at 
separate timings from each other as in the manner described 
above. The ground device 5 compares the information on the 
remaining balance newly transmitted in the identification 
signal bll with the new information on the remaining balance 
in the IC card 41 of the on-vehicle device 31a previously 
calculated. Then, the ground device 5 sends a debit signal ell 
indicating that the debit is correct . In response to this debit 
signal ell, the CPU 44 of the on-vehicle device 31a replies with 
a confirmation signal dll to the ground device 5 via the antennas 
49, 2b, and then all of the operations are completed. Moreover, 
the exactly same processes as the operations described above 
are performed on the identification signal b21 transmitted to 
the ground device 5. 
[0032] 

As described above, the CPU 44 detects the overlapping 
state, in the ground device 5, of the pieces of reply information 
from the two on-vehicle devices 31a, 31b, and activates the 
random-number determinator 46. On the basis of the obtained 
random number, the delay counter 47 provides the random delay 
time to the transmission timing of sending the information to 
the ground device 5. Therefore, it is possible to avoid the 
occurrence of the overlapping state. Accordingly, the 
overlapping state is prevented from inhibiting the 
communications between the CPU 44 and the ground device 5. 
Thereby, it is possible to improve the reliability of the 
communications. Incidentally, it is needless to say that 
normal communications are performed in cases of three or more 
vehicles, i.e., three or more on-vehicle devices, as well, 
according to the present invention. 
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[0033] 

[Effects of the Invention] 

As has been described, according to the present invention, 
random-number generating means and a counter provide a random 
delay to a transmission timing at which an on-vehicle device 
sends reply information to a ground device. Thereby, it is 
possible to prevent a failure of communications due to 
continuous overlaps of reply information sent from the 
on-vehicle device to the ground device with reply information 
from another on-vehicle device. Moreover, it is possible to 
improve the communication reliability. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is an image view of a toll collection system 
which is a subject of the present invention. 
[Fig. 2] Fig. 2 is a block diagram of an on-vehicle device 
according to one embodiment of the present invention. 
[Fig. 3] Fig. 3 is a drawing showing an example of a 
communication sequence for avoiding an overlap of reply 
information from the on-vehicle device according to the same 
embodiment . 

[Fig. 4] Fig. 4 is an image view of a toll collection system 
which is a subject of the present invention. 
[Fig. 5] Fig. 5 is a block diagram of a conventional on-vehicle 
device . 

[Fig. 6] Fig. 6 is a drawing for explaining a normal sequence 
of communications between the conventional on-vehicle device 
and a ground device. 

[Fig. 7] Fig. 7 is a drawing for explaining an overlap of reply 

information between multiple on-vehicle devices, which is a 

conventional problem. 

[Description of Reference Numerals] 

la, lb gantry 

2a, 2b antenna 

3a, 3b vehicle 

5 ground device 

31a, 31b on-vehicle device 
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41 IC card 

42 IC card insertion slot 

43 IC card I/F circuit 
4 4 CPU 

4 5 ROM 

4 6 random-number determinator 

4 7 delay counter 

48 communication circuit 

49 antenna 

50 battery 
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Fig. 1 

la GANTRY 

lb GANTRY 

2a ANTENNA 

3a VEHICLE 

31a ON-VEHICLE DEVICE 

5 GROUND DEVICE 

Fig. 2 

31a, 31b ON-VEHICLE DEVICE 

41 IC CARD 

4 2 IC CARD INSERTION SLOT 

43 IC CARD I/F CIRCUIT 

4 6 RANDOM-NUMBER DE TERMINATOR 

4 7 DELAY COUNTER 

4 8 COMMUNICATION CIRCUIT 

4 9 ANTENNA 

5 0 BATTERY 

Fig. 3 

(a) INFORMATION TRANSMITTED FROM ANTENNA 2a 
TIME 

(b) INFORMATION REPLIED FROM ON-VEHICLE DEVICE 31a 
TIME 

(C) INFORMATION REPLIED FROM ON-VEHICLE DEVICE 31b 
TIME 

Fig. 5 

12 COMMUNICATION CIRCUIT 

15 IC CARD I/F CIRCUIT 

16 IC CARD INSERTION SLOT 

17 BATTERY 

18 IC CARD 

Fig . 6 

(a) INFORMATION TRANSMITTED FROM ANTENNA 2a 
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TIME 

(b) INFORMATION REPLIED FROM ON-VEHICLE DEVICE 4 
TIME 

Fig. 7 

(a) INFORMATION TRANSMITTED FROM ANTENNA 2a 
TIME 

(b) INFORMATION REPLIED FROM FIRST ON-VEHICLE DEVICE 4 
TIME 

(C) INFORMATION REPLIED FROM SECOND ON-VEHICLE DEVICE 4 
TIME 



